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t* y h Y A 




N A 


L L & , ft 




v> li c ii 


^ CO nE] CO 






tr y h & o 


< 






LI 1- ft* 




H O R T 




I R C U 


l A JW TF 


t-¥ Q C O 

IX U o K 


X » B 


S R Y „ X 


A 


N D A L 


L » Y A N 


D A L L 


. F 1 


. Bl F 2 


CO 


Ifl H a" 


lw S SS 5 S3 


*t T * % 4 


Z £ 


*3 ft* 2> . 










a co #c 


y © 2 o © 




□ y ? ( 


A L U 6 2t 


LF M E M 


7 ) li 


ofi ^ CO « fifc 




F\J *C ft 


4 • % 


7 li l 7 




9 JU& IZ 


1 


t' -j h t 


CCMCiiS 


o f- U C 


C M A» 


^ S it 5l o 


tL 




A L U 6 


iifi tfto Iftjstt <ft 


r li ^ 4 # 




B S R X 


. B S R Y 


X A N D 


ALL 


& Y A N 


D 


A L L CO 


«l * £ 




SEN 


D - ft 4 


li 


"REC 


FIVE" 


* a ft r * .& »c 


44 tt fe *-r 


4 







L I N E A R 0 
{ 



M 


E 


M 




W ; 


/ •action 


1 


•/ 


E 




M 


E 


M ; 


/•action 


2 


*/ 


M 


E 


M 




N ; 


/•act ion 


3 


•/ 


S 




M 


E 


M ; 


/ 'action 


4 


♦/ 



> 

actionl (j^l) li Si IS =f- W ± <0 =r - # S: * 
-< ^ ;b CO W U 11 <; IC H $ . action 2 (|&t*2) 

li^^yco^"— ^ t^— ^-9--r^;ucotartic^tt 

^ E ICQ< . PE (0. 0) iDJUteT-W^iUS 
t f - 3» li $ (@fp^) tcl«JoTfti£L. Mit 

-r^^aicii?BiftBco±rcoPEft»-r — ^-ese 
^rfti. ^coM-^-<^;i/-cii. 352ft0co^feTco 
PE^i5Ef-f SB l R 

co^rcoPEii^f^^^-^-CTiafcaft^, 

action3 ( Wi « 3 ) &l/action4 ( fft ft 4 ) li |q 
«C0«if^S:5!It:ov^rft^i3-ti:4. 



-476 — 



± p e a» pg c ft ft fj , c c m i± n m £ i\ & ^ . 

(b) y<^i->2 (tT^f^T V U 

£0«£®$jtfP7/i/zfy x Att^o i ^ tfes. 

ROW — TREE O 
( 

int t; /*t is time step*/ 

int pattern identifier! /'colunn position of 
a P E , Process I D D*/ 

int M, iog.M; / • M is the side size of the 
■ esh and log M = log M •/ 

int tree»ask = l; /*a flag to construct the 
tree*/ 

for(t = 0; tciocM; t* + ){ 
if ( — t reeaa sk ) 

(SHORT WE ; DI SABLE; ) 

if (treeissk && pattern iden t if ier < t > ) 

E = M E M ; 
if (treeiask ft& pid0<t>) 

7 u - ofi^stt t"<;nt t = 2 co t $ (0 ^1 ?5 i: 

<fc »J ftfc 5 n * . :©®ra-CliPE3i:PE7?) 
A^ffifflpTffS-CAU. JSUWPEtt'SHORT' 
tiOft^HJ: *J36MSr«5ibTW-E»»S$rO 
< £ # fa CD Sk fp" ^ L ft v ^ . JW ft K If . > * »; 6 

c co Sd IS 7 ;u =f u X a JM fl> .6 ^ *=> ^ L co 

v »; - * - > *i IB ffi & # *1 L fc y . ± < B'J <o 
IBBlctii^^WtHtt^tffl^Tfci. ceo 
<fc } a « t co 7 ;u 3 'J x a <n at fi < * x * y » ) 

\t. X * AX t - 9 2. fc L t S t: . iifi 

O = 1 og N "C £ * . :<D7JI/^'J XAHi«. O 
(alogN)3Ef??<rA&SU. N= 1 024"C 
fenii. 1 024:10-ca*>Sft*<fce>fcXt" 
- K 7 y ~f $> * . Z CD a <0 ffi 35 ft 7 >U =f V X A 
UMAX ( jft * 4fi & # «> * ) . M I N ( J& /J> at & 

. KS§o^5$»«ai. * na <o *fc # . 
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ME M = W ; 
treeoosk = treeaask & pid0<t>; 

) 

) 

SSAr^i. t = 0 T . iPE© " 7 'J - 7 X 

0 " it i t sb u . ^PEttttranTtgtttu. © *a 

Sa(OPEIt^fi[ftB0PEt:f-^&iiSi. c 
CD fi& " 0J / ift " PEW^<7Pnc0^epcJ:U^ 

snr^a. - n # $> <j - co & & & -r & . 

P i d 0 < 0 > = 1 (pidO ©ft"F t* y h ) <0 P E f£ 
it JB «T fife K ft * . ft pid 0 l± P E CD & 

*3L4 7 JU) CD P E li ifi # (3 A 81 T ;f 5 n T U . 
ZA&ttPEl&PESfc*. & . P E 5 fc P 

E 7 i: iatfit 5. r*t»t "SHORT_WE" 
fc^^ft^ K <fc S . 

C O M & & ? i: . ftHftiryt/^'JXAtiUi/'^ i» 
X 3 6 & pid O 60 tf> K . S , 1/ 5/ x 3» S R X 
3 7&L*:7^^U£/X* (Fl) 3 1 fe ^ »J — 

RX3 7£ffi:?£ft. pid< t >t'y Hi t QfSt 
(c) 9 - > 3 (*»J 5> U — ) 

ft >J - co a ^ £ (a x »j . m n y >j - & . p 
e wfittnrAo. pidi £ ^ i: l t *r t , 

J: } T * . 

COLUMN — TREE 0 
{ 

int t; /*t is tiae step*/ 

int pidl; /*row position of a P E •/ 

1 n L M . logM; / M is the side size of Che 
oesh and logM=logM*/ 
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int treeaask = 1 ; /»a flag to construct the 
tree*/ 

for(t = 0; t<logM; t**)( 
i f ( — » treeaask) 

{SHORT__NS; DISABLE; ) 
If (treeiask && -*pidl<t>) 

S = M E M : 
if(treeaask It, pidO<t>) 

M E M = N ; 
treeaask = treeaask & pidO<t>: 

) 

> 

fflt*y. * <r> m c i± . tT7'j-<0 3ft^«tc6 

T i£ J: d K , t**<0»ffmfc5t#jl CO(N)3 

<z> 7 /t/ =r u x a a* e> n St © a co(io g N) ] 

co 7 ;u =f >j Xi»Ai:S»S*v4. 

ROW_TREE^«t. COLUMN T 

■ esh and logM=logM»/ 

int haask = 1, vaask— 1; /♦flags to construct 
the tree*/ 

for(t = 0; tUogM; t**){ 
/•cycle 1 •/ 
if (-haask) 

<SHORT_WE; DISABLE; ) 
if(hoask hi -<pidO<t>) 

E = M E M ; 
if(haask && pidO<t>) 

M E M = W ; 
hiask = hiask & pidO<t>; 

/•cycle 2 •/ 
if ( -> vaask) 

<SHORT_NS; DISABLE; ) 
if (viask ft& -»pidl<t>) 

S = M E M ; 
if(vaask && pidl<t>) 
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RE E ffl m 7 & 1 V X A -C H \s >* A * Y & pid 1 
\Z . S R Y icopyY i:, F2£^ r J-^;*2C7)& 
W(0f;Ai:ffll>Tl>5. SHORT_NS(0£4t 
lltiae stc P l-Cpid<l>££U;5-tt:£F2&tfB 

(d) * - > 4 cs ft & v >; -) 

£ ft M ? *J I* *> flR » J& . ?KU yi^^ttft, 

a 7 /!/ ^ 'J X A tC o T *j ffl * * v h^-^Wifi 
* . MT»CiiitORTH_TREE7yl/^>; 
X a i; «t »j ft 'J - t J?iJ 7 <; - i: t <S ^ t 4 ; fc 

ORTH TRE E 0 

< 

int t; /»t is tine step*/ 

int pidO; /•column position of a P E , 

Process I DO*/ 

int pidl; /♦row position of a P E*/ 

int M. logM; /• M is the side size of the 

M E M = N ; 
vaask = voask & pidl<t>; 

) 

) 

f^^^^ltt 2 * -C * * . 

as « i* * * . o en 1 ] at/o c ( n * ) x 

(logN) 1 ] Tfc*. CC-C. N litfc B «i3f<0# 

( io K n ) a co # e u as mi * s n r a - t & m 

L. N= 1 0 2 4 ?a54tJ. ^iglflSfcJB^* 

0>&£-0>l/lOOfc:&&. 

(2) 83 » ft ^ <B & 4* <fc : G5t ft « V 'J - CD P E t± 
Jtt "5J <tf) K & i£ iWfc <D P E ic ft |* $ n T v> <fc . 
r^Tti. tttffi}fi{3ttS« L 4* n T- . 
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0> & 35 8 ft £ 3tl * A < ft 5 z t#V*U\*. * 
3 X 3 <h ^ 4 V K -3r (7) ¥ # * 5 t= - * 

«i l ^ it n is t ^> ^ ^ . 3 x 3 o a v k <n ? — 
5lH!<B¥*DttB£ni±2. i 2 s -c ft * # . £>&m 
a -c i* i . s-cfti. E#**:yy-(03x3cD£ 

N = 4(D»'&<&3&70<0^K-?V*Ti£Kai:. 

*f&«a ta^ttv y-iiTtt, * y :/ e a *t it 

1 6 : 4 6 r ft U . 3 x 3 ^/-f > KO©?^ftiiffi 

n<n tt\± i . 5:2. i e msLx/ta i o a ) 

T ft a . 

Mj)J7/l/i'JXAORTH_TREEI±, BS 
S: pid 0 tC. SRX^pidOOflt^tC. F 1 & h v 

AiFt:ffliNTpido<t)4o< uait. « k $ij 

»7;^'JXAti. BSRY f*J -C tine step t IZ 
*? O T . U ^ * £ Y & pid 1H. S R Y $r pid 1 0) 

for(t = 0; t<losM ; t**)( 
■ask = ANDALLB IT 

(treeiask | pidO); 
if t-iask) 

(SHORT WE; D I SA B LE; ) 

if(aask && pidO< log M-t-1 >) 

W = M E M ; 
if(aask && -*pidO< log M - t- 1 >) 

M E M = E ; 
tree aask = A S H I F T (treeiask , 1) ; 

> 

J 

36 1 l0»8-PE(OW»:o^tiiitije»7;H 

T & B8 ffc £ ft £ (BH*>, 4 = 100) . INVE 
R T S n f: 7 "J - 7 ^ li i f pid o t O R 5 n 
T -t jRttANDALLB ITi:«n, AN 

D ALLB I TUt, t-tO«jR«)it*y r- ** 1 T 
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< ua;t. *#wshort_weri;shor 

_ N S B S R X . BSRY. F 1 . F 2 

(e) * - > 5 — frV'J-) 
R R V 'J - (Revese-Row7U-) it 0! 25 A* £ & 
ft £ 7* - * i* ft * V 'J - T ft & (ff7'J-!t 

& SB A* £ El 2fl i: i>it ft * . ) • ffl 7 ;u zf y X 
l*#;<0J::J-eft*. 

RR-TREEO 
( 

int t; /*t is ti«e step*/ 

int pidO: /»colunn position of a P E*/ 

int M, loe M ; /*M is the side size of the 

aesh and lojM = log.M •/ 

int treeiask = M$2; /»a flag to construct 
the tree*/ 

int mask; /»an in tenediate condition*/ 



^>ti. VXi7 = 1 (7) P E (EJJ *> . P E 3 & 

UPE7) u -y u — © — g& r ft y . s> y — g> as t 

6 t 0 P E I* & & * £ ffl £ jh £ ? * *• ft * it (* 
7'i-J!!IS«:Htit4/:it)i:W-E>U^S HO 
RT$t5. PE3^i;PE7Tll. pidOCOt* 

7 K2^Kc*i^sn. * ft # 1 r ft ft i* p 

E 7 i Ltf-^ & PE 3tiJ£^t4 ( ft * 
ttPE3<Dt*yK2liO-Cfti. ) . r ft it t = 
otfcv^T^ y - <o h v r u ;i/ £ & f * - 
t = O go J& & ;/ 'J -vA^iinffi(^t:*A i 

7^v:/fflll0fcfc*. 

t = 1 "C U , PE1. 3, 5. 7 fl» 5/ y — ffiS T/ 

ft*J. PE7^PE5t:. £ . P E 3 # P E 1 

*C ? — 3» £ i£ * . t = l{0aai;-V'J-7Xi7H 

1 1 1 ic ft & . 

t = 2Ttt±PE«!s/i;-J5t4»j^ SStPid 0 

CO 3- P E l±0&S*&T*tett<Tj«3ftpidO £0* P E 
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CCM4J<3&*l$:B!oT. y V — V A SM4 S R 
MCD-KSh, XltSRXCfK^^. biz 
Xli I NVE RTS^f;SRMtORSi\. 

L L B I T $ ft * . SRXIiHAXf V/ti: 

fc^TBSRxrti:t3feAaaii<ii:'>7 s^nr 
t 

Pid 0 <logM - ds - 1 > & T3 < * . Z ft (4 ^ 'J - 
ffli^^rfflHSEND/RECE I V E iMWt 

R R V U - 14 5 s - 9 & :£ 3/ 'J - 355 \Z fit if 6 fc a*> 

«)ti«t* y , ± 7 'j - JB ti 7 >; - fl: E u i& 

0) '< 2 - ^ mX' 3b Z . tV^COlt. A 5g » 

X £ pid 0 t L t # P E C A x X i ISJ B$ C <t to 
•fr * * 6 T & & . AxXiifeJiJ^ca^iCiitC 

is a =e r.a o> m & 3* m iz £ » -r a «t> k m r- & y . 
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y JU zS y X A 14 ^ M m B J: * # I: * fi 0 £l 
*& *a * tr 3 . 

1W » 7 ^ U XAIiflia&ttropidO & -r s p 
E f *J - fl) ft t L T ffl V 1 * 5> A* . &<£(4<D P id0 

(f ) /< ^ - > 6 ( & #J y y - : R c ty y - ) 
R R y U - t m *R K . R C ? ij - ti p id 1 & &| 

irtlUU^fiJcihi. fc] © 7 /Hf y X A14 & 

a £ & y -e & <& . 

RC-TREEO 
( 

int t; /*t is tiic step*/ 

int pid!; /»ro« position of a P E •/ 

int M , 1 o g M ; / • M is the side size of the 

■esh and log M = logM ♦/ 

int t reeoask = M $2 ; /*a flag to construct 
the tree*/ 



int sask; /*an in teraediate condition*/ 

for(t = 0; t<logM; t**){ 
■ask = ANDALLB IT 

( treeiaak | pidl ) : 

if ( — issk) 

{SHORT_NS; DISABLE;) 
ifCaask Si pid L< log M - t- 1 > ) 

N - M £ M ; 
if(sask && pidl< log M -t- 1 >) 

M E M = S ; 
treeaask=A S H I FT(treeiask t 1); 

> 

) 

R c y y - <n & tt (± R R y y - t m « x- $> y . 
r=. f£ . r c y y - -e t4 89 m a> & ( zj ^ a ) * cd ^ 

-3i K 08 J* U T * .fS T? n ta h tz. if T tb * . 
(«) s - > 7 (^y< X) 

I3J « IS flf B tfj T 14 . y< x 14 (S) tti ifi (S SC S3 5: Sk S 



«*J»7;u^t;XAHJ; y ^ j£ ta B co ± T CD *t k 

-o r s ft a . 

R O W _ B U S 0 

{ 

int sender; /• I D for the sender*/ 
int pidO; 

SHORT_WE; 
if (pidO = = sender) 

E = M E M ; 
else 

M E M = W ; 

) 

ffi|>fl)l«PE^ayjci:LTfl|«. S»J CO P 
E ti $ 1^ t 4 -5 . ^T«PEliE-WHHO 

(AftvM4W) iciSy. S W ^- 14 ¥ - 3» $r W ( $> 
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ftVMiE) * £ 3 It Jft 5 . Z ftfe K . 7= - 5 ft W 

#-C;fc * ti * i . 

C C M i: J; >J U Alt S R M C □ - K S ii 4 . 
I NVERTiftfeSRMttpidOfetttttTP 

5i/';^uuoRn4. n t* y s i 

(tANDALLBIT2ft£. X A N D A L L 
WlttJ&UicilLtOPEitJf^l, XANDA 

(h) 5 - > 8 ( #| y< X) 

a i: [»] » K . #J pid 1 £ fcjfc^i: 

u. N-sfc«j»kt4cticJ:y, ^ j& *h a o> 

& #1 X & # 5 n * . fj W 7 ;u ^ 'J X A li * 

COLUMN__BUSO 
{ 

int sender; /• I D for the sender*/ 
int pid 1 ; 

PYRAM I DO 
( 

int t; /*t is tiae step*/ 

int pidO; /•coluan position of a P E •/ 

int pidl; /•row position*/ 

int M , 1 o k M ; /*M is the side size of the 
■ esh and log M = log M ♦/ 

int haask = 1 , viask 2 I; /*tt»o flags to 
construct the pyramid*/ 

for(t = 0; t<lo*M; t**){ 
/•cycle 1 action*/ 

if( — haask | -i vaask) 

(SHORT_WE: SHORT_NS; 
DISABLE; } 
ifChnask && vaask && — pidO<t> && 

- pid 1 < t >) 

E = M E M ; 
if(haask && vnask && -»pidO<t> &fi 

— pidl < t >) 
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SHORT_NS; 
if(pidl— = sender) 

S = M E M ; 
eise 

M E M = N ; 

) 

#J /< A (0 i± fr '< * t ImI « T ft * . 

^PEicra«affi*n. *i;!R2xf y ^Tti. 
ft±&Ot7<0PEItf6O^PEi;J!iyjiiSl(:?Sr>T 
£5^- * & (rI «ii is -r * . 

(i) * * - > 9 ( f 7 5 y K ) 



(N = MEM; M E M 1 = W ; } 
if(haask && vaask Si — pidO<t> && 

Pidl<t >) 
E = M E M ; 
if(hnask && vaask %k pidO<t> && pidl<t>) 

(MEM0 = N; MEM2=W; ) 

/•cycle 2 action*/ 

if(-»haask I --vaask) 

{SHORT_WE; SHORT N S ; 

D I SABLE; ) 
if(haask vaask && — »pidO<t> && 

— pid 1 < t >) 
N O _ A C T I ON; 
if(haask ft& vaask && pidO<t> 4& 
pidl < t >) 
S = M E M 1 ; 
if(haask && vaask &* -pidO<t> && 
pid 1 < t >) 
NO_ACT I ON; 
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if(haask && vnask && pidO<t> pidl<t>) 
M E M 1 = N ; 

hnask = hoask & pidO<t>; 
viask = vaask & pidl<t>; 

) 

) 

MA r ;u =f y x a ut io 6 M (O^f y y^^*, 
& X -r v 7 \Z tt 2 o 0) $ij A ^ W 2 ;b a< # & u r i> 
4 - B'J # ^ *v I* . Af-^tt 2o©PE^O/l/ 

35 1 2 0. 4BIA8 x 81) 

h (trffi) SlW X t> (^Jffl) <Z> 2 o 

COXx^ytCfc^TffifflnJligtC^i. t = O Z 

fc y * 2 x 2fl)PEjj5ioCir;u- y&i^ftSt-f 

*C £> * . I^^flJttffl^ilC^fc:? 5 y KPEIl 
T L T t" 5 5 K & 

5* l 4 g i; n f 7 ^ v KcoflW^^^&afiS-r 

K 3» - > it & u ;k k ffi g jg is & u T * . 
cinrt(si-uK;i/t:4-Da)ifi® (n, s. e, w) 
^ffSbt^a t5 i y h i> « * ; - k *c « y , 

T CO L/ ^ ;i/ 0) 4 "3 .& ^ -*» i: CO U ^ >U CO X O CO III CO 

tf> co *> to T li ^ . z <o M & i± Sfc 1 5 H i: 5 
n r o * „ 

PI - p E & *3 * f- tf> co #J # r n> zf 

y X A l± Jb i£ CO fcj 33 7 ;U y XAifn*a*j£$,ft 

#1 If , SB 1 Sglt, t = O 7 li . JH] — 

i/^;i/£Oifi^p e jc ^ iPJ H ntv»4. 
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2> . (2X2) P E ii. fcf ^ 3 y K 

CO N W . NE. SW. & S E ^ T * U . JH It 
SE,&->i:f5l85-C£5. 4 o CO .& ^ to ffl JI & ft li 
pid 0 < t >&t/pid< t )CQ t' v S ffl t K B'J 3 £ . 
pidO<0> = pidl < 0 > = 1 (OS Efi? ( & & iM± 
SS ) t± , m l * 4 O JU is x , pid 0 < 0 > = 0 
flopidl < 0 > = 1 CO S W£.-?&tfpidO<0> = 1 
H ^ pid 1 < 0 > = 0 0) N E ,g. j&* £ x — 3i & S if 

Ac 4 . c * << o )u 4 s r* . NWA^iif-jf 4n 

E,&?^«if-5 SSltiliii. CCO^^^/l/^T? 
NW,&f lir-nNE.&fAfclt. C CO x - 
5tiJ52+h>r^;PTatcJ:y5fe^ni. £5 2* 

-< s> ;u -e i* . NEA^tlltciaijewef-* c 
Sift UA^Iifcn. ffl«20PEiifSftu^i>. 
V * 9 h hv*2M*fccO*^AXT-y-/tOie*S 

t - 1 ic & r . S^4oOPEA>^7 5 yK 

X4«B(H(0:iiMoiOPE©fiH|gl 3 @i: 
2 n T ^ £ . 4oco.&^£:Slco4Q : JEfIflHj:t = 

ft & a 11 1± . -FKoiaayy^uXAPYRA 
m 1 Dco^x^y^ic 2 o co #J A -9- ? ira 

^ ^ yi/ 3 ti N i: W O $ i ^ -5 t * . 
^^?;i/4HSi:EOrtSI^5fciO(Ot>Offc 
6 . 

PYRAMIDO 
( 

int t; /»t is time step*/ 

int pidO; /»coluin position of a P E*/ 
int pidl; /»row position*/ 

int M. logM; /*M is the side size of the 
mesh and lo§M = logM •/ 

int haask=l t vaask=l; /*two flags to 
construct the pyraaid*/ 

far(t-0; t < log M ; t* + ) ( 
/•cycle 1 action*/ 

if(— >haask | —vaask) 

{S HORT WE; S H O R T _ N S ; 
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if(hoask ft& vnask ftft pidO<t> K& 
-* P id I < t > ) 
S = M E M 1 ; 
if(haosk && vnask &ft -pidO<t> 48 
Pidl<t>) 
N O _ A C T I ON; 
if(hnask && viask R& P idO<t> &ft p i d 1 < t > ) 
M E M 1 = N ; 



DISABLE; } 
if(h«ask && vnask && -»pidO<t> && 

- pid ) < t >) 

E — M E M ; 
if(hmask && vnask &K pidO<t> && 

- pidl<t>) 

( N - M E M ; MEM 1 = W ; ) 
if(hnask && vnask &ft -*pidO<t> ftft 

pidl<t>) 
E = M E M ; 
if(haask ft ft vinsk K& pidO<t> && pldl<t>) 

{MEMO = N ; MEM2=W; > 

/•cycle 2 action*/ 

if ( -* hiask I -i viask) 

(SHORT_WE; SHORT' _NS; 
DISABLE; ) 
if(hnask ftft vaask && -«pidO<t> && 

- Pidl< t>) 
NO_ACT I ON; 

/•cycle 4 action*/ 

if(-»hnask | --vnask) 

(SHORT_WE; SHORTENS; 
DISABLE; ) 
if(haask fti Vnask){ 
N — M E M 5 ; 
W = M E M 6 ; 
MEMS = S ; 
M E M 6 = E ; 

} 

hiask = hnask ft pldO<t>; 
viask = viask & pidl<t>; 

) 

) 

CCMafflglC^U. hVA^&t/VvX^tf 
F l&l/F 2i;^c*n - K £ *>, S . U A £ X ^ 
(DpidOftt/l/i/Ai» Y f*j CO pid 1I1SRXAC/S 
RYK**«?5*i4. & IC IS tff tC •> :? h -T * 



/•cycle 3 action*/ 

if ( - haask I - vnask) 

(SHORT_WE; SHORT_NS; 
DISABLE; } 
if (haask Aft vnask) ( 
S = M E M 3 ; 
E = M E M 4 ; 
M E M 3 = N ; 
M E M 4 = W ; 

) 



: t t: i y , bsrx&^bsry lipid o < t > 

2 O 0) & f*t± S HORT«a»^C03l?7lCfflv^ 

i3 2 "C * . fiJiflZtltMXMW^-XWlSiJU 
X yi/ ( M / 2 ) x ( M x 2 ) -c *> U , J^l T ^ n 

t«Mj>g-t-£:«:«#-r*. pyramid$hw 

^ ic fit 55 "C * 4 . -t © «b \z It . WT«<k^i:i 
Thvx^at/V^x^ & M $r T mi «fc . 
h^X^ = h^?X^ & pid 0 < t > ft pid 

0 < t + i > 
V-7X?=VVA? ft pid 1 < t > ft pid 

1 < t + i > 
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(j) *9 - V 1 0 ( 18 7 5 y K ) 

* ffil K W « S: ift S * ■ CI t\ t± , WT0$J 

R-PYRAMIDO 
( 

int t; /»t is tiae step*/ 

int pidO; /•row position of a P E •/ 

int pidl; /»coluin position of a P E */ 

int M, lojM ; /• M is the side size of the 

aesh and logM = logM •/ 

int aask = M$2; /*a flag to construct the 

pyramid*/ 

int hiask, viask; 

for(t = 0; tOotM; t* + )( 
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hoask = A X DA L L B I T ( — aask I pidO) ; 
vaask=ANDALLB I T(-Dask|?idl); 

/•eye 1 e 1 •/ 

if(-»haask | -» vuask) 

{SHORT_WE; SHORT NS; 

DISABLE: ) 
ifChaask AA vaask Aft p idO < log M - t - 1 > Aft 
pidl<logM-t-l>) 
N = M E M 2 ; 
ifChaask AA vaask AA pi d 0 < loc M - t - 1 > && 
- pid] < log M - t- 1 >) 
M E M 2 — S ; 
ifChaask AA voask AA pidOUoe M - t- 1 > 
AA pid 1 < log M -t- 1 > ) 
N O _ A C T I ON; 
ifChaask AA vaask Aft -*pidO<log M - 1 - 1 > 
Aft — pidl<logM-t-l>) 
NO-ACT I ON; 



/♦cycle 2 •/ 

if ( - haask | - vaask) 

(SHORT_WE; SHORT N S; 

DISABLE: > 
if(haask Aft vaask A A pi dO < log M - t - 1 > Aft 
pidl<logM-t-l>) 
( N = M E M 1 ; W = MEM3; ) 
ifChaask Aft vaask Aft pid 0 < 1 og M - t - 1 > Aft 
- pidl<logM-t-l >) 
(MEM1=S; W = MEM2; ) 
ifChaask Aft vaask AA pidO < lo g M - t- 1 > 
aft pidl<logM-t-l>) 
M E M 3 = E ; 
ifChaask ftft vaask && — pidO<logM-t-l > 
Aft -pidl<logM-t-l>) 
M E M 2 = E ; 

aa sk = A S H I F T (iask, 1); 

) 

) 



R.PYRAMIDM»7;i/JiJXAIiPYR 
AMID7JUi'JXA©isfi*l$J*S-pfi'J. RR 
„TREEJit;RC,TREE?)ffiJST-A4, 25 
1 9 m »C flff -H U ^ yjk £ t\. X v> £ . r ay W ~q li 8 

351 9 @ i; if? 5 4 <fc o i: . i$f55 y KCK 
l± P E CO. 0) (lH!«1^1«tf>PE) T'ifc*. 
f©&.a->lt P E ( 4 . 0 ) . & & ^ l± P E ( 0 . 
4 ) T 4 . 

^^© ( 5^»^^UI«Lt 2oft5. PE (6, 
0 ) & P E ( 2 . 4 ) A* P E (0. 4) 0>&? 
X' & tJ . P E ( 4 . 2 ) &t;PE ( 6 . 0 ) tit P 
E ( 4 . 0 ) 0> -7- -e ifc £ . 

EI flfc tc LT3S3 L/ ^< ;i/ o) .9. 7 1 & $ £ . 

-*?^)i:toT. n x n* m a T l± P E ( 0 . 0 ) 

tffaX V > K = 0^6N-l-Cfe4tLTPE 
(k. M-l-k) # M — 7 "C A * . PE (s. 
t) (OiHiT&a ( i = 1 A'ftloiN tf*) (0 U 
VI/ & ,S. 7- !t P E ( S + 2 ( log X - i ) , t ) 
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•C&U. £,&^[iPE ( s . t + 2 ( 1 o g N - 
i ) ) -C & S . 

U L D S T 0 
( 

int f s = 0 , fr=0; /"flag-send is used to 

construct the D S T •/ 
/•flag-receive is an 
intermediate var to 
update fs*/ 

int pidO, pidl; 

int t; /*t is tine step*/ 

int M » log M I /*M is the side size of the 
lesh and logM = losM •/ 

int t reeoask = M %2 ; /*a flag to construct 
the tree*/ 

if( P idO=s=0 Si pidl = =0){ 
fs = 1; fr = 1 ; ) 

EiZfFr (flag receive : 7 5^5^11^) 1 £ 
-feyS-Ta. t=0©^-rAXxv^-C. ft 0 0 
OfclOO. Jl/^JOOOMOOtfTi'f ^ 

^gjBl<tPEIiWEfttfNS SrSSIfcUTfs&SCtf 
-r*fctf>lz2rUvw*A$:Sfc^-f*. f r = 1 & & f r 
^^T^"i7'^r*w 0: P E li-tOfsIIrE At/S 
iS # ^ i£ >J . ^ A^r y ^-eii^yf-t 

e>^v>J:^ ICfriOC'Jty hti. SW^ ( f r 
= O -C $> 2> . ) ttf ©fsiNtWCORSftfcffi 
i: U T fcr -** * . SW^rtX-trofril^COR^ 
n^fi54:UT?5»fU. * A *J> . N X W A* & 1 
&:gtf&o*:PEIi#;<D* -TAX^y^-Cit^y 
ifcfcti. X-rv^t=OTI±. 2 *7> P E (P 
E (000, 100) tPE (100, 000) 
V) Z t . ) tfDSTW;-Kt It ( f a = 1 ^ -br 
v hf i;M:<t'J) 55 k , d e> 

JKt^iSUTCtUr (fr = 1 tty M-Jitt 

«* y ) ifcrasn. & & co x ^ y tc *; ^ r * a 
d s t a* -tr y Ksns, 
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for (t = 0; t< log M ; t* ♦) { 

haask = ANDALLB IT 

( treeiask | pidO); 
vaask = ANDALLBIT 

( treeiask | pidl); 
if( — haask | — viask) 

(SHORT_WE; SHORT_NS; 
DISABLE; ) 
if (haask I vaask S& fr) 

( E = fs; S = f s ; fr = 0 : ) 
if (haask I vaask Aft - f r) 

(fs = W | N ; f r = W | N : ) 
treeiask = A S H I FT (treeaask , 1 ) ; 

) 

) 

W-t Z> * PE (000. 000) &DST 

(Diagonal-Span-Tree : jfef ft & /< X *J V — ffiifi) 
Wfitltiatf. fs (flag send: 7 ^ 2f 3| U ) 

&<z>ii&-cMi8.*r & . ft u i w — k & 2 »> re a 

PE (000. 110). PE (010. 100), 
PE (100. 010). AtfPE (110. 0 

oo) ta&o. 

Xf y 7*t = 2t?li, *tfltttPEtffat&7*;i/zf 
«J X A K <k «J i$ fifc $ 4 . * *l & 0> f s ft* 1 IC * s> 

* . je c . * n e> <o f r # i \z 5/ s s t\ , a e A» 

DST$rig^-r^fe«t). 77^fsH$ft77'/ 
c: L T ffl £ n S . fs=OCOPEtiWEAt/MS 
^XifflWi*, fs= 1 CO P E li U & E 

A 1/ S IC i£ * i: t^CWat/NA'^^— * 
5: S It I5t a . 

3! « ftj W 7 □ v 2 (O « fit 5: *<J HI V X . " *y 'J — 
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7X^tfSRMA, fstfFlA. frA'F 2 a. 
*a-K«nft, INVERT£*,fcSRM0)(*J 
Sit. UJ/*X^ X^OpidOat/Ui/X? Y(«j<0 





A N D A 


T T O T "T M -V -T" V A \T r\ 

L. L> o 1 I HrtvAA.NL) 


A L L i; 


" h v X 


3* 5: . YANDALLRIs 


M V "7 X £ 




3 t£ £ . * X f f ^ CO & 9i n 


fc* T % S 






HORT»|^l±. d 


L T , F2, XANDAL 


L . &l/ Y 


A N D A 


L L i: fi < . 


»ft 


fc aw t 




ffl t* 4 w t 


J: V . 


isjc^j&wa^mftftaDs 


T & m fi£ 5 






It 4 D S 


T A» 5? £ 


ntl'i. zn&URDST 








^ T t> 


i 1 * r . u 


L D S T t I. R D S T fc £ # 


?? 3 i± T A 


* X + B 


- Y+Cfci*;?5tl*£Biffit<0 


C x 


. y ) ic 


ot*Tttfr&JaicJ: *J fr x W 




•r. zo> 




ft) tt^c 


MUX© 










i CD 9 4 






b. m & & 




<0 *; £ £ co lift to % m . ffWffi 


4> & H 3r 0> 






A CD St 1* ft 


<*t#x 


r- y ^tt) it 0 (locN) T 








(2) Sfe 


x - 9 t 




c eo 2 << 






co v $> y . 






5. x 6 i: * . &CD#£t!*WLftl* 


nit ft * ft 







(b) ^<Dg&#i$;£cDf±R&:7ia£-r**. 

(c) & -3 fr<7) m 5» & * ^ It CD ® m J**5£ CD 

t A> . * * ^ J: 0 X * £ A* . & & ft J; y /J% 2 v 
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E — 4 . 7 '/ 'J * - 
















^ y 


>r — £✓ 3 > C7> ffe (c , 




CO T S2 ^> 7 -f 


y 




^ a > tt . ;n tfi ft #J 


n t it 


M ^ "J fifi T «fc 


o 




i£ it m*6 ft *a a «fc 


y fic t- 








^ *l *\ (7) 7 ~f IJ >y 


— 3 > 


it 6 -d co ?y tZ 


^> 


in X' 












(1) *>*J*/i^«*l 










r co * Y y co 3 t 


tC U . N 


x — ^ CO 1 "O 


co 






c r 2 


~o (?) y ju — ■/ 


n 


^> It 




* ii ra a 






y \t 


2 -o <n *t 7 cf )y — zf 


c ^ tt 


n -s . c co «fc 






m & v *u — -f <o •? 


— 3» 75 * Ptl 


l o i; ^ i i 


t? 


» y 



«9 


0 Ktt 


r it 


. rco^-r^costuito c n ) ^ 




it -t n 




co st ft ft n ft ^ . ^ .nu 


Q ^ 


t; r 


s; y 


- P> Z i> It t: 5 5 y h't:22^tn 


It, 


r CO 3i 




CD St It 0 (logN) CO Sh an 


ft 5 


• N = 


\ 0 


240r-5HvH-ei»iKl. 1 


0 0 


: 1 CO 


^fcco 


( -D * y . 2 fr/ CO ) X t" — K 7 i/ 



z:n»=»co±rco7>i/d'yxAit#i^iBaic*>it 

5^'J-*^7 i v K * — > H <fc *J O ( 1 oe N T ) 
y ^-CStJJi ^4. J:yffl9-Cf£jt£0>l3l^^ 

/^^-^tittJsn^^awtaitai^iiEja-r^t 

(DTife*. #^«a-t?ltI/Oj$JKA^fMlJh^-S- 
^<CO*^. 1024 x 1024 t'vK ( ± ii {ft ) 

n?ttxnfiicoit*yh ( >\ -r / ^ x ) d"» as » $ 

t^^i. cco^^fttt^&t^^.^it^j^sMnic 
%* « a r & « . *&m<n&m z t 
ft . 

(3) Jft3t 

#»«HI4JSlT«)lftStW3H?fe0 (logN) x 

(a) ^^J. ISA. 

(b) 3a tfi . m i2 5 . @ -i> 

(c) 35 1 - > h . jn2^->>K. ^nx 
* — > > K 
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_h 22 ( a ) \t n -r - 9 — « c M r * <n r* . 

& 2t St # It f& 05 r ;u =f U XA^JiaTfii. 

st t* m a » « a k & r « st si « n tit «£ « w ^ 

(4) A-x + B-y + CC0 2tB 

A • x + B • y+C&2tS-fSfctf>m±. £ Jfc 

« a i: J; 5 4 o o - > t <t i . * n 

li Ji^r&^t ft * > V M - ( U L D S T : Upper- 
Left-Diagonal-Span-Tree) . T # ^ *J ft A V 
y »J — ( L R O S T : Lower-Right-OST) . ft '< A , 
R #| * ;& 6 . ULDSTtLRDSTttl 
A • x+C&tfB - y fi| Htf * & IC =tt 

^ti, ft M x JFij ./< x li # ( fl| A t* A • x + 
C + B - y) & ft ? ic 2* £F T * . 

35 ¥ IE P*3 <3 2 o^^JgfeJi:^ >J — £ £ 

^ S A & B 3*StSt6a*frftc£P E n 13 *fl ft * 

n, ru-f «BB«i»#»:ifeilliu snrv^a. 

( log M - 1 ) C0Oi:fct>t-7l/-<Afi.tJ t BtCA 

ft A • x ?ij tp K B • y & *3 ft * ^ B 

WaiiWE^XOtr^Xi: N S X J3 A K ^ 

£ *D it T A • x + B • y + Cfe^-y haHHAT 

*r an -r a . 

t^fcfi?), A • x + B • y+C<7)|£*l±ffeGD25f3<Z) 

(5) m 1 7 -f > ft & 

^)&«I«)2o©MAXf y^^tA • x + 
B • y + CiSt»t466Ai:ck»J. MXMiftifi 

(omm (x. y) # a . c-c^ai^^-^n 

fcfc57-f^±i:fc4^S^$:fta-C5i. A, 
B, C©4t^»Jl«K t'y hSt?Ai t S. (log 

M+2K) J'f Axf'>yra^^ft^*)n5. 
ick^tii. a ft » a -% 39% . s& & tin * o u 

f*Xf t©*7y atf^S*ttJ!! (anti 
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H7ni. Ahysn/*=AatfBiit:yhJE«B 

At^BcoTttfijiiacoev hA^f 7^txi n * 

nC^'oTPi, gftCltULDST^KOW 
A - x+CSJtJJt&fcHJlCULOST&y'J- 

(#tr. * ■¥ *j - . & t/ & & ) . * -r ^ x ? v 

tC l> T . £1*1*. Jftttft'tttS ti* £52 lift 
W^OH^aCS^. ^PEtt. (a) NIC 7 1/ ^ A 

in x * hHt'J-»:xN7U, (6) 

N^i83Jl:AS7t4i:PO 2-3CD#l*|&ft?. 
logMXf y^(D», MiDftftl&PE 
ttULDSTW'J-7) # j£ -T * ft 0> *t> IZ A 
- H tg 11 . • B • yGDgtJTti. ffi z> 
E ^ ^ 0 # it A £ n fL -D P E a i$ & Jt H <B9 ic . 
^«fcBJftJHBJlzarrJ:-5«:LRDSTicJ:y3l 
ft £ it £ . .losM A r- 9 7 ® ft . *«ftttP Ell 
*f £ "f £ ?1J <B tf> IZ B • ySrXhr-Ti. 

-aliasing) II ft & O . St # » « # *& S T U . ✓ 
<fXBiDfl<Ml7'r:/&JLott-£&<»0>ftl Hough 
£tt$:3tlT-rS±T&a^. 

(6) 2S^ffiffi£>Sffctff *R^<D'£& 

& /h * *: . ac 43- « isi ( jfi vt i* ffl n x- 1± 9* n z n 

(6. 1) A>K7A^4 

/< v K -7 A ^ (± 2 ¥ ft 5 -f > ^ C M Pfl 5 *i , 
^ 05 — 'Jj li ( A » B . CI) i:j;y. fife ^" it (A 
B. C2) HiH^^ni. /< > K "7 A ^ 
&35^-r4Ar^. P E li A • x + B • y+Cl 
At/A- x + B • y+C2£Jt*E<Z>ifce>lC2H3-r 
-5. 2fn*S*liSl (A • x + B - y+CltOtt 
3-) at/S2 (A - x + B • y+C2<Of$*f) "C 
^ »J . C n 4 It ffi 3R ( x . y ) v K <?5 (0 C 
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> K v j* o X£ . SHJ « a * a K JS o T . 






&£><SBi!£F t 3CD$!iig!/£tf$:fx'3 fc. «o K & £ o . 


A 




CD t8 3t ti "7 X S:j5^"^'6t-iil^<f'5^i!fi& 


13! 




tt^4. CD it t It 22 tff ffl 39 T S tfi „ 




CD 


54 Jl ti 18 tc ti ± *R cd J; ^ n faf (ft Atr i- ^ 




( 


• 

6. 2) £ ft X # & £ 






^A7XiHi/^ K v X 5> £ — *Mb U CD 


r 


tb 


* . *nt;fcP2B#¥BS*£fi£*J, P & # ¥ flu 


to 


& 


^ li A • x + B • y + CtW$*n67^> 


\z 


X 


ye* 9-r^*a«tttmt*&t. 


n 




t S7-<>i:OPTt?vS 1. S 2 S P 


% 




S1^*dSP<D7' — 


iz 


J: 


£ @ * (x. y) tf-e<D£.ftJ&f*3fflncfip*;>» 


if 



e - s . 

& 13 fcl *9 8 to (CCM) CD fcj fSU;: J; *J & CD ^ tft 

ftg^j:MxM«@li. MXMCDi*£CDloCD 
t7&l/MxM©fi?0 1 oCD^jK&IS-eft*. 

& J3 to M X M CD «q B I* . MXMXK (Kli P 

EODD-^ji/jt^u-elfiiiftsnssssE) co a; # 



T 








&JltofcMXMCD 






T? $ -6 . D S T V 




£ 


r> X J: w . & # 






. 2 -D CD D S T ffi 


•ft # -c * s . 




tt^^^M X M© 


O ( M * ) CO 5/ y 3 


is 


.t CD ffi flt f*3 id M X 


m co & 3? tft y y - c iB t& r ft 




. * 55 m K «k m* 


. O C (logM)' 3 0>18VHz £ 


y 




a . <e js . m it & £ & > >j - 




<W52cD*ft2-e;fe 






» » ffl ^ 7 >U ^ U 


XAt*. O (M) tv^euK^ 


CO 


st # a ( 3i n x ^ 


y ^5SS[) o (logM) 



/ l oc M co ffi Jb * % i?j n J: u W n 5 . cfti; 
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m CD r ; — ^ & *f 


t i m M v y — n 25 l<S ~c ft -5 


■ 




#J *1 to >fc M X M W B li . & 




M <?> y — y & ? T 


-$* S M #1 U — iz M IS "C ft * 


■ 




& £E to U M X M & 3 It . M 


X M 


i2 5! v y - i$ 


IS T* ft -6 . 






«J fll tt & M X M #1 flit . & 


>!r ^ 


m cd y — 7 4fl 


-f * m m£ » v y - tc ^ « r ft 


i . 




ttJSto^MxMWSit, * 


<* & 




■r s m m m v y — n 3* is -c * 










M CD P E & 7f -f 


S M It /< A c 35 W t? ft £ . 






ttJSft^MXMWBli, ^ 




M£OPE£^t 


£ m ?ij ^< x iz m ts -e ft . 






^ to 3fc m x m «g a i± , m 


X M 


CD ^ - X & *f U 


S3 /Jv m K ( K (i 2 CD * Jft St ) 


CD fcT 


7 5 */ K i: ii! IS 


"C ft 6 . 






ttlW^MXMigli, M 


X M 


CD K — X ^ ^ U 


^ jfr # K ( K It 2 CD £ jfc J» ) 


CD 1£ 


e 7 ^ 1- t; & 


« -c ft $ . 






it ^ m m a an -c n ft *> ti . 


I / 




& C i£- < CD * ^ 


. 6 


*fi s cd & * 












# _L ift <D ^ 5 — 




& ?i ^ j& m 






. CD J: ^ ^£ « 


fifeSrK^-iOs^cDKSlEg^fflQ \z 




u r t «fc v> . 







(a) mvk& n z ft ^ . 

(b) Sfft^-^ SrK^-f'-* i: ^ » -r i . 

(c) 2^r-f ^ Iftf-t? IC^lftti. 

<d> K^^-^^^Sr-tCD^fft^-^^^ftlC 

t> r *7 ^ . 

*«wtj:ntf. m x m m a 1*9 -e o ( io K m ) 

X -r y / i: t . ^ 3?5 ( x , y ) I- ^ U 3fe 51 K . 
A-x + B- y+ CCDfffJJ^T'ftS (A. B. C 
fct & ft ? * . - ) 

>S 55 qfl J: tv . # S 3ff (x, y) #<a)5^ 
>±^. (b) v < > CD ^ ^ ^ . (c) 7 Y > CD £ (IB 
to & a*. 5: O (logM) 2t3T^fy-/Kt?r;^c:t 
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X £ 6 . 
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^ m m h ic <k u r£ s ft £ * - > i* . a l u 

0>ilWj£iiDU-CF lfi.tf/*fcltF 2 i: □ - K 2 
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